We studied the origin of the anterior deltoid from the lateral third of the clavicle and the leading anterior edge of the acromion in 18 cadaver shoulders by anatomical and histological methods.
In 1972, Neer 1 first described anterior acromioplasty for chronic impingement syndrome of the shoulder, and considered that a beaked acromion with an inferior spur was an important aetiological factor in impingement and subsequent tears of the cuff. In 1993, Rockwood and Lyons 2 suggested that inferior acromioplasty was insufficient and that additional removal of the anterior extension of the acromion beyond the clavicle gave good results after the failure of the classical Neer acromioplasty. Both Neer 1 and
Rockwood and Lyons 2 recognised the importance of the anterior fibres of the deltoid, and emphasised the need for careful reattachment to the acromion at the end of the operation. Arthroscopic subacromial decompression was shown to be an effective alternative to open operation both for impingement and cuff tears by Ellman, 3,4 Gartsman 5 and
others. [6] [7] [8] The morbidity was reduced, and earlier rehabilitation was possible, allowing return to work and activities. 5, 9 There were no significant differences in long-term pain relief when compared with open operation which made arthroscopic treatment attractive, at least for the cases of simple impingement without a cuff tear. 4, 5 Arthroscopic anterior inferior acromioplasty necessarily detaches some of the anterior fibres of the deltoid and could leave the shoulder weak in flexion. 2 It does not allow resection of the acromion to extend anteriorly beyond the clavicle, as recommended by Rockwood and Lyons, 2 without danger of complete detachment of the important anterior fibres.
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Our aim was to use gross anatomical and histological studies to define the relationship of the origin of deltoid muscle fibres to the leading anterior edge of the acromion and the lateral clavicle.
MATERIALS AND METHODS
We studied 18 fresh shoulders from 11 adult cadavers. Lateral radiographs were taken in a longitudinal axis to show the anterior slope of the acromion.
The skin was dissected from the shoulder girdle through a coronal incision to expose the deltoid origin. The undersurface of the acromion was palpated and inspected for spurs; the rotator cuff was assessed for tears on both the bursal and articular surfaces. These two steps were carried out after disarticulation of the glenohumeral joint.
On two specimens we performed a mock anterior inferior acromioplasty using a burr to remove the anterior inferior edge of the acromion after the removal of all the bursa from the undersurface of the acromion. Gross anatomy. In six shoulders we made a detailed anatomical dissection of the origin of the deltoid muscle fibres from the anterior acromion and the lateral third of the clavicle. Histological examination. In 12 shoulders, including the two after mock acromioplasty, specimens were prepared for histological examination, taking 5 mm transverse sections through the clavicle-deltoid junction near the acromioclavicular joint, and along the anterior edge of the acromion ( Fig. 1 ). Paraffin sections were prepared and 5 m sections were stained with Masson's trichrome to show the collagen in striated muscle and in the tendinous origin of the deltoid. We measured the thickness of the anterior edge of the acromion in all specimens except those on which the mock surgery had been carried out.
RESULTS
Radiography and gross anatomy. Three of the 18 acromions were type II according to the classification of Bigliani, Morrison and April 11 and 15 were type I. The type-II acromions all had a distinct spur on their undersurface, and two of the three were associated with full-thickness tears of the supraspinatus tendon. All the other specimens had intact rotator cuffs. Of the whole anterior origin of the deltoid from its lateral edge to the most medial origin from the clavicle, 25% was from the acromion.
The deltoid arose from the entire anterior surface of the lateral clavicle by a complete muscle attachment to the periosteum. The attachment to the anterior acromion was by a mixture of tendinous and muscle fibres to part of its superior surface and the whole of its anterior surface (Fig. 2 ). There were strong tendinous fibres over the superior surface of the acromion, with three to four tendinous septae descending into the main multipennate muscle belly of the deltoid. The fibrous insertion of the coracoacromial ligament covered the inferior surface of the acromion (Fig. 3) . Histological examination. This confirmed the muscle fibre attachment to the periosteum of the clavicle over its entire anterior surface (Fig. 4) .
There was a concentration of collagen and muscle fibres over the superior surface of the acromion (Fig. 5 ) and on its anterior surface. The dense collagen covering the inferior surface of the acromion, away from the anterior edge, was derived from the coracoacromial ligament (Fig. 5) . The deltoid origin from the anterior surface of the acromion was tendinous with interspersed muscle fibres giving a layered appearance.
Specimens which had undergone a mock acromioplasty showed that about 70% of the origin of the deltoid from the anterior acromion had been detached, leaving only the superior and anterosuperior attachments (Fig. 6) . The amount of detachment depended on the extent of bone removal, but there was little retraction of muscle fibres because the tough superior origin remained intact.
The mean thickness of the leading anterior edge of the acromion in 16 specimens was 8.25 mm ± 1.82 mm (5 to 11).
DISCUSSION
Both arthroscopic and open operations on the shoulder may damage the origin of the deltoid, making its detailed anatomy important. Standard texts of anatomy 12, 13 are not The deltoid attachment to the anterior acromion showing fibres originating from the upper (arrow) to the lower (arrow head) edges of that surface. clear and may be deceptive.
William and Warwick 12 in Gray's anatomy describe the deltoid as originating from the superior surface and anterior border of the lateral third of the clavicle, as do Grant and Smith. 14 Jenkins 13 described the origin as from the anterior edge of the lateral third of the clavicle, but the anterior aspect of the clavicle has a surface and not an edge or a border as implied by these authors. We found that the deltoid originated from the entire curved anterior surface of the lateral third of the clavicle, directly from its periosteum (Fig. 4) . William and Warwick 12 stated that the origin of the deltoid was from the lateral margin and superior surface of the acromion, as did Grant and Smith. 14 Our work emphasises that the deltoid arises from the superior surface and the whole of the anterior surface of the acromion, with prominent tendinous origins from the superior surface. The width of the leading edge of the acromion has been poorly appreciated in anatomy texts, 12, 13 but is important in relation to acromioplasty. We found an average thickness of 8.25 mm; Speer, Lohnes and Garrett 15 removed 6 to 8 mm from the anterior edge of the acromion at arthroscopic acromioplasty and claimed that there was no deltoid detachment. Sampson et al 9 removed 9 mm of the thickness of the anterior acromion and also reported minimal deltoid detachment. There are probably ethnic differences in the size and thickness of the acromion (ours may have been smaller), but it is highly unlikely that deltoid detachment will be avoided when acromioplasty was performed as described. 3, 4 The importance of the anterior deltoid for shoulder function is well known, unnecessarily excessive, producing considerable deltoid dysfunction. Arthroscopic resection may address the pathology with greater accuracy, since it is performed under direct vision and with greater precision. 9 When the impinging spur only is removed, without necessarily resecting a significant portion of the acromion, the deltoid origin is not severely violated, since detached fibres may still have links with the overlying periosteum. Our mock acromioplasty, using a burr in cadaver shoulders, also produced some detachment of deltoid fibres from their anterior acromial origin, but there was little retraction of the muscle fibres because of the fibrous interconnections between them and intact fibres and the fact that the superior attachment had been preserved. We also showed that only 25% of the anterior deltoid arises from the acromion, and that remaining clavicular fibres will help to compensate for partial loss.
Although we showed that some detachment of anterior deltoid fibres occurs at arthroscopic acromioplasty, this is unlikely to compromise function, as borne out by clinical studies. 4, 5 It seems that the superior and anterosuperior origins of the deltoid are more important; these are preserved during an arthroscopic procedure. To confirm this, controlled studies will be needed to determine the strength and endurance of the anterior deltoid after open or arthroscopic acromioplasty.
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